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Semi-arid tropics have been def ined  approximately as those 
regions where evapotranspiration exceeds precipitation for 5 to 10 
months of the year, mainly during a long dry season, and where the 
mean annual rainfall is in the range of 400 - 1200". These semi- 
arid areas are amongst the l e a s t  favoured from an agricultural poin t  
of view and the yield of crops and pastures is generally very low. 
This situation r e s u l t s  not only from the harshness of the climate 
but also from the f r a g i l i t y  and the poor quality of the so i l s ,  wheth7-r 
chemical or physical proporties are concorned (Charreau, 1974) 
The a r i d  areas are obviously in a still more critical position. 
Different approaches have been proposed to improve this 
situation but, up to now, the microSiological approach has been 
laxgely neglected. In this paper,wcc would like firstly t o  try to 
answer to the question whether microbiological methods have the 
potentiallty of increasing the productivity of arid and semi-arid 
ecosystems, and secondly to point out the types of investigation whir 1 
should be developed in order ta extrapolate the microbiological 
methods with the highest potential to the field. 
Trees play a prominent role in the arid and semi-arid areas 
since they provide  not only timber and fuel, but  a lso  fodder and shade 
fo r  the cattle; moreover they protect so i l s  against e ros ion  and even 
contribute to the reclamation of waste and desert lands. Consequently 
a special attention i s  given to the microbiological methods which 
could contribute to the establishment and development of traes in 
arid and semi-arid ecosystems. 
I There is now ample evidence that by properly manipulating some 
elements of the s o i l  microflora, one can significantly improve plant- 
growth especially in harsh edaphic or cl.imatic conditions, T h e  s o i l  
microflora can be manipulated not only directly by acting upon thcr! 
microorganisms, but also by acting indirectly through tho. plant or 
the soil.. The direct approach implies the use of sterilization, 
inoculation procedures, and the application of specific inhibitors, 
or stimulating substances. Here, we are mainly concerned by the ino- 
culation techniques. Five categories of microorganisms are involvd: 
(1) Rhizobium (2) Frankia (3) endomycorrhizae (4) ectomycorshizae ( 5 )  
free living M2-Eixing bacteria. 
- b  
3 .. 1 . Rhizobium 
The potentialities of increasing crop y i e l d s  by inoculating 
legumes with appropriate efficient Rhizobium strains, when the native 
Rhizobium population is inadcqunta, is well known in the humid tropics 
(see f o r  example : Ayanaba and Dart, 1977). In arid semi-arid areas, 
however, there are few examples of successful Rhizobium inoculation. 
We would like to indicate here that inoculating Acacia at the nursery 
level can be highly beneficial if a competent effective Rhizobium 
s t r a i n  is uscd (Table 1). 
In soils that can bc! i r r iga ted  Sesbnnia rostrata, recently 
reported to bear stem nodules, is thought to have a high N2-fixinq 
Potential if it is inoculated with its specific RhizobfumA most 
interesting characteristic of this legume is its ability to actively 
f i x  W2 in presence of high concentration of inorganic nitrogen 
(Dreyfus and Domergues 1900a). 
1.2. Non-legminous N2-fixing plants 
Trees belonging to thc Casuarina genus occur naturally In 
Austral ia ,  tropical A s i a  islands and the I n d i m  Ocean border. Some 
Species, such as Casuarina equisetifolia, have been introduced in 
semi-arid c o u n t r i e s  where they thrive satisfactorily, especially along 
I 
t h e  coasts. When C a s u a r i k  trees are nodulated,  t hey  f i x  50 - 200 kg 
co lon ize  low f e r t i l i t y  s o i l s  where o t h e r  trees cannot be establ ished.  
When t h e  endophyte i s  absent, which occurs i n  niany l o c a t i o n s ,  a r t i f i c i r : I .  
i n o c u l a t i o n  o f  nurse ry  s e e d l i n g s  w i t h  crushed nodules  i s  a prereguisrl t i? 
for s u c c e s s f u l  a f f o r e s t a t i o n .  Such a method i s  r i s k y  because c rude  
inocu la  may i n t roduce  pathogens so t h a t  u s i n g  pure  c u l t u z e s  of Franlcia 
for i n o c u l a t i o n  i s  p r e f e r a b l e .  The r e c e n t  i s o l a t i o n  of Frankia  s t r a i n s  
from Casuarina (Gai i thicr  et a l  1901) i n c r e a s e s  t h e  p o s s i h i l i t y  o.€ 
such a practice i n  t h e  near  future. I n  a recent report on a +=our i n  
China (Dr. I. Watanabe,personal communication) r e p o r t s  t h a t  Coriaria - a non-legume N2-fixing p l a n t  - which i s  c u r r e n t l y  under s tudy  
a t  t he  Hunan Soil and Fe r t i l he r  I n s t i t u t e  - is u t i l i z e d  by t h e  peasan t s  
i n  West Hunan as green manure. 
( e  
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* l m  N !,per ha per year (Domergues,  1963; S i l v e s t e r ,  1977)  and t h u s  can 
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1 . 3 . E c t o r w r r h i z a e  
The role of ectomycorrhizne in temperate c o u n t r i c o  i s  Well 
documented b u t  under t r o p i c a l  c o n d i t i o n s  most of t h e  work has  been 
h i t h e r t o  r e s t r i c t e d  t o  the  i n t r o d u c t i o n  of g i n u s  spp., which were 
g e n e r a l l y  shown t o  r e q u i r e  t h e  simultaneous i n t r o d u c t i o n  of m- -(Redhead, 1 9 7 9 ) .  Table 2 i l l u s t r a t e s  t h e  b e n e f i c i a l  e f fec t  
of ectomycorrhizal  i n f e c t i o n  on Pinus c a r i b a e a  grown i n  two d i f f e r e n t  
Soih3 from Senegal. T h i s  example draws a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  
magnitude of t h e  p l a n t  r e a c t i o n  t o  i n o c u l a t i o n  varies according t o  the 
availability of soil phosphorus. I f  t h e  s o i l  c o n t e n t  i n  available 
phosphorus as determined by TTUO<)-'S method (Jaclrson, 1 9 6 4 )  is low, t ! l e  
response  to ectomycorrhizal  i n f e c t i o n  is  g e n e r a l l y  c l e a r l y  marked. 
-- 
I n  ar id/semi-ar id  areas, some trees, e s p e c i a l l y  spp., 
are among t h e  m o s t  adaptable and m o s t  i n t e r e s t i n g  p l a n t s  f o r  p rov id jng  
wood and Euol, These trees bear c h a r a c t e r i s t i c  ectomycorrhizae which 
have been s t u d i e d  fo r  many y e a r s  I n  A u s t r a l i a  by Chi lve r s  and 
co-workers (Ch i lve r s ,  1968;  Seviour  and Ch i lve r s ,  1 9 7 2 ;  Ch i lve r s ,  1973:  
Seviour _I- e t  al. 1 9 7 8 ) .  Laboratory experiments i n d i c a t e d  t h a t  a r t i f i c i a l  
i n o c u l a t i o n  of one s p e c i e s  (& gum-) by u o & $ . t h =  
t i n c t o r i u s ,  a well-known ectomycorrhizal  fungus often used for 
,, c 
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Bnoculat ing Pinus spn. , ,,was siccessFuL ( Y u l l e t t e ,  1976) but, t o  the 
b e s t  of our  Icnowledge, results of nursery  exneriments on t h e  e f f e c t  
of ectomycorrhizat ion of Rucalyptus snp. have not y e t  been roportcd. 
I n  our  l abora to ry  i n  Dakar, we a r e  c u r r e n t l y  i n i t i a t i n q  t h i s  typo or 
i n v e n t i q a t i o n  i n  c o l l a h o r a t i o n  with ISW ( I n s t i t u t  Sfinf,cra!-ais de  
?lecherche Aqricole). 
i -  
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1.4. Endomycorrhizae (VAY) 
Endomycorrhixae of the ves i cu la r - a rbuscu la r  tvnn (VA?!) occur 
i n  almost all. s0iI.s inc lud in7  arid or  scmi-arid soi ls  ( D i e m  í?t ?l., 
1981). IT? t o  now, we ?o not hsve m v  field d a t a  about  t h c  e f f c c t  OE 
VAY i n o c u l a t i o n  on ? l a n t  yield,s .  W ~ v ~ v ~ r ,  r e c e n t  ?ot  e x p e r i m n t s  
c n r r i e d  o u t  bv our  group i n  Seneqal i n d i c a t e  t h a t  b e n e f i c i s 1  affects  
can he expected when t h e  popu la t ions  of I?.R?? f u n g i  i n  th?  s o i l  arc low 
and when one of t h e  fo l lowinq  c o n d i t i o n s  i s  f u l ç i l l e d :  t h e  soil 
con ten t  i n  available P is low cIr the p l a n t  i s  i n f e c t e d  by nennto3.es. 
Thus T7APl would irnnrcve c rnn  yialdis n o t  on ly  in ? 
but: ~ L T J O  i n  soils i n f c s t d  with nemntndcs, 
_.I 
d e f i c i e n t  soils, 
Enhancemmt of plant nhosphorus uptake i s  n well Irnxvn f u n c t i o n  
of VAV i n f e c t i o n s  i n  D l a n . t s  and "Iequmes aypear t o  be very responsive 
t o  t h i s  i n f e c t i o n  ?robably hecause they are  r e l a t i v e l y  voor foracjers 
€or phosphate" (rlunns and '?osse, 1980).  Table 3 i n d i c a t n s  t h a t  Vigna 
Unguiculata i n o c u k t e d  w i t h  A YW.5 fungus had m o r 2  nodules xnd a l x c ~ e r  
n i t rogen  con ten t  i n  shoots  t h m  uninocula ted  , p l an t s ,  confirmin? 
experimental  s t u d i e s  of t h e  last decade carried o u t  by rJ. ?4ossc. m d  
co-workers ("lunns i3 Yosse, 1 9 9 0 )  and hy Gianinazzi-Pearson et 21. 
( 1 9 7 9 ) .  
_I- 
I n  a r i d / s e n i - a r i d  c o u n t r i e s ;  es?,ecin,lly in western  Af r i ca ,  
nematode attacks are o f t e n  resqons ib ls  f o r  ?oor crop y i e l d s .  Thio 
harmful  e f fec t  may p a r t l y  be n t t r i h n t c 4  t o  t h a  "ct that ?.?thogenic 
nematode p o p u l a t i m s  decrease T7.9r.I i n f e c t i o n  (Fox anil S n n s n f f ,  1972 : 
cchc3nk an.d Kinloch, 1974; G c r m r ? n i  2 t  a l . ,  1980). S o n v e r s d y ,  t h e r e  
are sove i n d i c a t i o n s  kha t  VAY i n f e c t i o n  may tend t o  r e s t o r e  t h e  y i e l d s  
of n l a n t s  i n f e s t e d  wi th  nematodes t o  levels qeasur5d  i n  t h e  &sepce 
of nmatodps. T a b l e  4 illustrates t h i s  favourahl.r3 effect of ~ 7 \ n i  
-- 
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, i n fec t ion  on N f i x a t i o q  and y i e l d  of soybean. Another cxpariment,  
no t  r epor t ed  here, i n d i c a t e s  t h a t  VRY and added ph0kphat.r have 
s imilar  effects on growth and nodula t ion  of cowp9a i n f e s t e d  wi th  
nematodes; i t  has t h u s  been concluded kha t  VA'I a s s i s t e d  t h e  DLmt 
m o m  by enhancinq P uptake than  by rcrlucinq nr3matode ip fa s t rT t ion .  
'1 2 .: 8, 
, 
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Rcsides t h e s e  effects,  V.AY probably h e l p  q l a n t s  to t h r i v e  i n  
water stressed cond i t ions .  Thus, !loawad (19713) foiind t h a t  t h e  amount 
of water usec? t o  produce 1 Q o€ dry matter was much lower i n  nnycor- 
r h i z a l  t han  i n  non-mycorrhizal p l a n t s  qrowinq i n  a comcarat ively dry 
s o i l  fertilized wi th  C a  (PO ) r)H (Table 5 ) .  Accordinq t o  a rzcctnt 
rr;v.tew ( D i e m  o,t aL., 19?!1), soil t y ~ e  a f f e c t s  VAV more in n r i d  or 
semi-arid c o n d i t i o n s  t h a n  i n  humid rcq ions .  Thus i n  dry c o n d i t i o n s  
which pravn.i.1 i n  Pak i s t an ,  V.4B.l. spores .=xe much -ore abundant i n  
loamy soils than  i n  sandy ones (Khan, 1 9 7 1  and 1974; Sai f  e t  ~ l . ,  
1975) .  I n  c u l t i v 2 t e d  Sencqalese so i l s ,  such a r 3 l a t i o n  batween s o i l  
t e x t u r e  4md V . W  flbundancc T ~ S  less wirkcd, b u t  it was clear t h q t  
VXil f u n g i  d i d  no t  p r o l i f e r a t e  i n  sandy so i l s  dur inq  t h c  dry soason. 
I 
I 
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1 5 P r w - l i v i n q  N - f i x i n q  hct(.?~:.j.-~ 
1.5.1. Rhi2ospherj.c r\J f i x n t i o n  
2 
2 
Various bacteria o t h e r  ?hixohiurn we known t o  develo? i n  
a s s o c i a t i o n  wi th  roots  of higher  plants. This a s s o c i a t i o n ,  t5nrcd .  
"associative symbiosis;" by Burns and Hardy (1975) ,  has been n s s l m e d  
for many years t o  be a s i g n i f i c a n t  source  of n i t r o q e n  f o r  t h e  aqm- 
systems, e s p e c i a l l y  i n  t r o p i c a l  cond i t ions .  The  t e r m  a s s o c i a t i v e  
symbiosis is  somewhat misleadinq s i n c e  it impl i e s  a s i m i l a r i t y  
between t h i s  a s s o c i a t i o n  m d  t r u e  symbiotic s y s t e m ,  whereas i n  f a c t  
t h i s  r e l a t i o n s h i p  p r e s e n t s  many d i f f e r e n c e s  which ?re sumlari?c3d i n  
Tsb1-o 6. .R r e c e n t  i n t e rnn t ion , a l  synnosium on f i x 2 t i o n  hns therefor?  
q p t l y  re,coww-d.ed t o  rT,?l%ce the t o m  " a s s o c i ~ t i v c  s-ynhiosis" by 
"biocoenosis" .  . f i t  a p r a c t i c a l  l e v e l ,  two q u e s t i o n s  arise:  
2 
1.5.1,1. Tt?hat is t h o  nctunl m o u n t  of N f i x e d  hy t h e  p rocess  ? 
Most e s t i n a t i o n s  on r h i z o s p h c r i c  N2 f i x a t i o n  have heen carried 
o u t  u s i n g  t h e  x x ? t y l ~ n o  r e d u c t i o n  mth.od. T h i s  method, however, often 
leads t o  o v e r e a t i a a t i o n s  f o r  d i f f e r e n t  r easons ,  b u t  mcrrc, c?s?qcially 
2 ,  
,b 1 , bedause i n c u b a t i o n s a r s  too' lonq t h u s  in t roduc ing  i n d a s i r a b l e  modif 1:- 
I c a t i o n s  of t h e  system under study. 
The fo l lowing  c a l c u l a t i o n   nad^ b:y K. Y a r t i n  a t  t h e  I R R 1  m e c t i n . 9  
he ld  a t  Los Bnnos i n  1 9 7 9  ( I n t e r n a t i m a l  R i c s  Research I n s t i t u t e  1979, 
p. 259)  sugges t s  t h a t  N2 f i x a t i o n  shculd he much lcwer than  f 3 r m c r l y  
claimed by w m f 3  au thors .  " D a t , ?  ob ta ined  f r o m  t h e  blsite I n s t i t u t e  i n  
Adelaide show a t r a n s f e r  qf ,phot.e>synthate t o  t h e  root  system OF 
field-grown whQat between e a r l y  t i l l e r i n s  nnd f l o w r i n ~  t h a t  i s  
e q u i v a l e n t  t o  about  1,800 kq C/ha. T h i s  i s  i n  ccmtrast  t c 3  a c n r b m  
c o n t e n t  a t  t h e  rcot system, which can be reccvered a t  f lewer in?  hY 
washing away t h e  soil, ,yf some 4 0 0  kq C/ha. Thus, t h c r o  has heen a 
wastage of ragt t i s s u e  dur inq  t h o  a c t i v e  growth pe r iod  equal  t n  nrxi? 
than  70% q f , t h e  root  mass produced. 
Allowing ~ O L  30% of t h e  r c - $ ? t  carbon occur ing  i n  l i q u i d  ancl 
o t h e r  compounds, which i s  n o t  r e a d i l y  a v a i l a b l e  f e r  mic rob ia l  dec?m.no-- 
s i t i n n ,  t h m e  would be s o m e  1,009 kq C / h s  n v a i l a b l e  t o  t h e  mic ro f lo ra  
and microfauna. 
There i s  some doubt about  t h e  amount of carbon r equ i r ed  f o r  
t h e  h e t e r o t r o p h i c  f i x a t i o n  of N b u t  a common es t imate  i s  39-43 kg 2 
C/ha N2 f ixed .  If the amount of carbon and ?I2 located i n  t h e  root  
system of flooded r ice  is of t h e  same o r d e r  of mzgnitudc a s  f o r  
wheat, one can o b t a i n  a n  upper l i m i t  of h e t e r o t r o p h i c  N f i x a t i o n  
e q u i v a l e n t  t o  2s-30 kg N/ha. The a c t u a l  amount of N f i x e d  pe r  
1,000 kg of available C/ha would 5e much less because no allowance? 
has been made for  root  r e s p i r a t i o n  ancl t h i s  vroulcl induce com,?etition 
for the carbon among t h e  d i f f e r e n t  mic rob ia l  nopu la t ions ,  many of 
2 
2 
which may no t  be capable  of P? f i x a t i o n .  2 
One should add t h a t  i n  s i t u  d i f f e r e n t  f a c t o r s  (especially Soi l  
w a t e r  con ten t ,  combined n i t r o q a n ,  r o o t  pathogens etc  ... ) tend t o  
markedly reduce r h i z o s p h e r i c  h~ f i x n t i o n .  Therefore MC? assume t h a t  
t he  amount of N 
t h e  range of 0-15 kg/ha". 
2 
f i x e d  throucrh t h i s  proccss should prnhnhly be i n  2 
c 
3 * 
C m 
7 
/. 
I 
1.5.1.2 , What. ig . t h e .  s , l f ?o t .  of. r h i c p s g h q i c  , v2 fixers, on.  p l a n t  - 
y i e l d  ? 
S u r p r i s i n g l y ,  t h e  r e s u l t s  ob ta ined  i n  our  l a b o r a t o r y  ( G .  Rinaudo, 
unpublished data) i n d i c a t e  t h a t  t h e r e  i s  no r e l a t i o n  between t h e  
r h i z o s p h e r l c  r?2 f i x a t i o n  (measured by i t 5  a c e t y l e n e  r educ t ion  a c t i v i t y  
or  ARA) and p l a n t  growth. However we found t h a t  some N2-fixing 
4z9spis.j.lLqqi s t r a i n s ,  w e n  t h o s e  which induced a low r h i z o s p h e r i c  Aiw, 
could  s ign i f  i c a i i t l y  enhance p l a n t  growth when i n o c u l a t e d  i n  t h e  
rh i zosphe re  of rice s e e d l i n g s  placed i n  large p l a s t i c  pouches ( T a b l e  7). 
This favourable  e f f e c t  of i n o c u l a t i o n  can he a t t r i b u t e d  t o  t h e  produc- 
t i o n  of growth-st imulat ing subs tances  by t h e  bacteria in t roduced  I n  
t h e  rhizosphere, as a l r e a d y  suggested by B r o w n  (1975) .  This conclus ion  
is supported by t h e  f i n d i n g  t h a t  h ighes t  yields were obta ined  by 
i n o c u l a t i n g  r ice  w i t h  A z o s p i r i l l u m  s t r a i n s  which synthes ized  A I A  
t h e  most actively ( D i e m ,  Gauth ier  and Rinaudo, unpublished d a t a ) .  
However these r e s u l t o ,  which were obta ined  in glass-house cond i t ions  
could not  be r e p l i c a t e d  I n  the f i e l d ,  probably because - t h e  colonizat . ion 
of the root system was n a t  as s a t i s f a c t o r y  a s  i t  was i n  t h e  glass-housG; 
t r i a l s .  I n  t h e  f i e l d  t h o  response t o  i n o c u l a t i o n  wi th  N2-fixers i s  
g e n e r a l l y  no t  marked and it varies largely f r o m  one t r i a l  t o  another .  
Subba Rao (1979)  reported t h a t ,  w h i l s t  i n o c u l a t i o n  wi th  AzoSpirillurn 
could i n c r e a s e  yi 'elds,  such resTonses were v a r i a b l e  dcGendfng ori t h c  
i n i t i a l  M s t a t u s  of the s o i l  arid t h e  v a r i e t y  of crop.pl.anted. The v a r i a -  
h i l i t y  i n  responsn t o  i n o c u l a t i o n  can  be a l so  expla ined  by an inadequate 
rh i zosphe re  r o o t  c o l o n i z a t i o n  which i s  due t o  d i f f e r e n t  factors ,  
i n c l u d i n g  competi t ion by n a t i v e  rh i zosphe re  r o o t  microorganisms. 
Summarizing, we  agree with  the r e c e n t  conclus ion  t h a t  "to date,  firm 
data  have no t  been publ.ished t o  o s t a b l i s h  t h a t  Azospi r i l lum and Erec-. 
l i v i n g  N, f i x e r s  c o n t r i b u t e  s u b s t a n t i a l  amounts of n i t r o g e n  and 
increase c rop  y i e l d s  under f icld cond i t ions"  (Nat iona l  Academy of 
Sciences, 1 9 7 9 ) .  
I 
1.5.2,  JI2 f i x a t i o n  i n  r c l a t i o n , t o  o rgan ic  manures and crop residwo 
High N2 f i x a t i o n  r a t e s  ob ta ined  i n  t h e  laboratory by inco rpora t ion  
of such organic energy sources  have seldom been r e p o r t e d  i n  t h e  fie1.d 
because t h e  amount of o rgan ic  matter inco rpora t ed  under such condi tim3 
3 
I 
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is usually much lower (0.1% instead of 1%) i n  o r d e r  t o  avoid t h e  
d e p l e t i o n  of fnorgaydc n i t r o g e n  which F70U1d be d e t r i m e n t a l  t o  t h e  
plant .  One should add t h a t  it i s  d i f f i c u l t  t o  e v a l u a t e  n i t rogen  
ba lances  i n  the f i e l d  because cf t h e  magnitude of sampling crrcrs and 
the cjccurrcnce of u n c o n t r o l l a b l e  f a c t o r s .  Despi te  t h e s e  l i m i t a t i o n s ,  
Abd-el Malek (1971) obta ined  s u b s t a n t i a l  nitrogen g a i n s  by incorpors -  
t i n g  a d d i t i o n a l  p l a n t  r e s i d u e s  i n t o  d i f f w e n t  Egyptian s o i l s  chara:- 
terized by t h e i r  low organ ic  c o n t e n t  and t h e i r  r i c h n o s s  i n  calcium 
carbonate .  Unfortunately,  no d a t a  w a s  g iven  r ega rd ing  t h e  p l a n t  y i e l d s .  
. It should be stressed here again that s i n c e  h e t e r o t r o p h i c  ?:2 
f i x a t i o n  i s  ve ry  s e n s i t i v e  t o  oxygen, t h i s  p rocess  i s  only  s i g n i f i c a n t  
i n  s a t u r a t e d  or near  s a t u r a t e d  s o i l s .  Thus  i n  nr id/scmi-ar id  coud i t ions  , 
it should only be taken i n t o  cons ide ra t ion  f o r  i r r i g a t e d  s o i l s .  
The more i n p o r t a n t  r e s e a r c h  and devel~opci~~nt  needs related t o  t h e  
use  of mic rob io log ica l  t echno log ie s  i n  a r id / se rn i - a r id  c o u n t r i e s  
i n c l u d e  the fo l lowing  : 
Some woody legumes such as Acacia a l b i d a  or Acacia senegal  (Jun.:,í, 
1969; Bernhard - Reversa t ,  1 9 7 7 )  arc nodulated when: t h e y  a m  a t  t h e  
s e e d l i n g  stage i n  t h e  l a b o r a t o r y  or i n  n u r s e r i e s ,  b u t  t hey  seldom 
bear nodules as a d u l t  p l a n t s .  T h i s  lack of nodules i n  the f i e l d  was 
a t t r i b u t e d  by Bernhard-Rcvcrsat and Poupon (1979) t o  a n  a c t i v e  n i t r a t e  
product ion  i n  t h e  soil. Drought may a l so  be an impor tan t  l i m i t i n q  
fac tor  of symbiotic fixation i n  forest ecosystems as it i s  i n  agrosys- 
t e m s .  
2.1.2. Research neeas 
Y I - Encourage i n t r o d u c t i o n  of a c t i v e l y  f i x i n g  legumes (annual  or perennial), resistant t o  major stresses i n  a r id / semi-ar id  cond i t ions  
3 
4 
. 
- Improve technology f o r  product ion ,  ar,d use  of p h i z o b i w  inocula 
Specific t o  in t roduced  legmas, when t h i s  procedure appears t o  be 
necessary.  
- Develop t h o  s tudy  of t h s  i n t e r a c t i o n s  between endonycorchizse and 
Rhizobium. I 
2.2 , IJon-&leguminous , N2 , f ixiucj , plagt?  
2.2.1. LiryiCatiQns I 
T o  date, trees belonging t o  one genus of N -fixing non-legumes, 
C.-, am widely in t roduced  i n  semi-arid countries, b u t  t h e  c u i t u ’ - a  
of t h e s e  trees is  restricted t o  t h e  c o a s t a l  zone where a i r  humidity 
compensates t h e  soil water def i c i ency .  
2 
- Surveys should be conducted t o  discover new woody and non-woody 
- Explore the p o s s i b i l i t y  of us ing  r e c e n t l y  discovered non-legu- 
NZ-flxing non-legumes adapted t o  arid/scmi-arid environments,  
nunous M2 fixing p l a n t s ,  such as Co l l c t i n  q g n o s l s s i m a  (Miguel st a l .  
1978) 8 Patisciji cannabina (Chaudhary, 1 9 7 9 )  , C o r i a r i a  sinensis, e i t h p r  
i n  d r y  OF i n  i r r i g a t e d  sites. 
- Improve  ur knowladgc on t h o  growth requirements  and culture of 
a l r eady  isolated endophytes i n  o r d e r  t o  develop methods of mass 
product ion  of inocula. 
2.3.1. Limi ta t ions  
T h e  use of ectomycorrhizae should t h e o r e t i c a l l y  be limited to 
Soils d e f i c i e n t  i n  phosphorus and characterized by low p q u l a t i o n 3  CF 
ectomycorrhizal fungi .  
i 
?.. 
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.2.3.2. Research needs 
- Survey should be conducted t o  determine t h e  best ectomycorrhizal  
f u n g a l  s t r a i n s  adapted t o  ar id /ssmi-ar id  environments 
- D i f f e r e n t  tree s p e c i e s  should be evalua ted  for t h e i r  a b i l i t y  t o  
b e n e f i t  from t h e i r  a s s o c i a t i o n  wi th  t h e  b e s t  ectomvcorrhizal  funclal 
s t r a i n s  (e.g.  qucalyptus  sp . ) .  
very useful  f o r  ob ta in ing  massive inocu la .  
- Dependable l a b o r a t o r y  c u l t u r e s  of cctomycorrhizal  funv i  would hc 
2.4. Endonycorrhizae (VAY) 
2.4.1. L i m i t a t i o n s  
D e ? .  I1qmi'l.n (19,70) r e c e n t l y  s t r e s s e d  t h a t  ''undue f a i t h  i n  
mycorrhiza as m n g r i c u l t u r e  d i x i l :  should ba tenpcred hy 9 r e a l i s t i c  
apprn isn l  of which a s p e c t s  miqht bc>st bo c x p l o i t c d  on .? p r n c t i c T l  
scale". 
To date, 7!AV funTi have n o t  heen qrown i n  piire c u l t u r e ,  t h u s  w:? 
do not have m y  p r a c t i c a l  method f o r  oh t2 in inq  massive inocu la  whicli 
would be necessary  fo r  i n o c u l a t i n g  annual c rops  such 2 s  Viqnc? or 
peanut .  Conscqucntly endogycorrhizal  inocTllation i s  p r . ? c t i c n l l y  
restricted t o  t h e  nursery  Level, which d m i c u s l y  i s  ~f i n t e r e s t  fo r  
p e r e n n i a l  p l a n t s  such ? s  C i t r u s  ( i n  i r r i T a t e d  c o n d i t i o n s )  o r  trees 
used for r e a f f o r e s t a t i o n  (e.?. Acacia 3~310. Azadi rachta  i n d i c a ) .  
9n t h e  o t h e r  hand one should stress aga in  t h a t  t h e  most d r a n a t i c  
effect  of VAVI i n f e c t i o n  i s  t o  be expected on ly  i n  s o i l s  cha rac t e r i ? -d  
by a l o w  con ten t  i n  a v a i l a b l e  ?hoaDhorus and by l i m i t e d  n a t i v s  
popu la t ions  of VA?I. 
2.4.2. Research needs 
- S t r a i n s  should be s e l e c t e d  €or environmental  a d a p t a t i o n  a s  w ~ l l  
as " e f f e c t i v e n e s s "  of tho  p l a n t  c u l t i v a r  - s t r -n in  combination. 
- Yore informat ion  is needed on how endomycorrhixnc innrove t h ?  
drought  r e s i s t a n c e  and t h e  r e s i s t a n c e  t o  d i s e a s m  of t h e  host p l m t s  
( b i o l o g i c a l  c o n t r o l ) .  
l i  
- I n v e s t i g a t i o n s  should be i n i t i a t e d  on t h e  p o s s i b i l i t y  of cu l . tu r i rq  
endomycorrhizae on s y n t h e t i c  media; i f  t h e s e  a t t empt s  w e r e  successf;il, 
optimum c o n d i t i o n s  for  growth should be determined i n  order t o  
propose dependable methods for producing inocula .  
2.5. Free l i v i n g  M - f ix inq bacteria 2 .  ' 
2.5.1, Rhigospheric ,  I? f i x a t i o n  - 2  
Since  t h e  impact of t h i s  process  on plant y i e l d  in ar id/sem$-ar id  
c o n d i t i o n s  is  probably n e g l i g e a b l e ,  t h e  development of f u r t h e r  I 
i n v e s t i g a t i o n s  on t h i s  p a r t i c u l a r  p rocess  i s  n o t  recomanded. I 
2.5 . 3,. N fixatio11 i n  r e l q t i o n  t o  orga;iic Aianures and. ~rog resi4ues -2 
I n  a r i d  and s m i - a r i d  c o n d i t i o n s ,  f r e e  l i v i n g  bJ,-fixing b a c b r i a  
can be a c t i v e  only  i n  some spec i f i c ;  environments, namely i n  i r r i g a t e d  
soi ls .  An area t h a t  needs a t t e n t i o n  i s  tile sea rch  of feasible f ie ld  
techniques  t h a t  could induce optimum N f i x a t i o n  through amendments 
i n  t h e  present:; of n i t r o g e n  f e r t i l i z e r  (Elatsuguchi , 1 9 7 9 ) .  
I 
2 
CONCLUSIQN 
W e  would like t o  conclude by c a l l i n g  t h e  a t t e n t i o n  on t h e  
fo l lowing  two po in ta  : 
1. A s p e c i a l  e f f o r t  should he made i n  o rde r  t o  promote t h e  i n t r o d u c t i o n  
of trees i n  a r id / semi-ar id  ecosystemsp which has  been a l r eady  s t r o n 3 l y  
advwated for t h e  humid t r o p i c s  by a recent pancl  meeting of expcrts 
in Nairobi (Moiiyi aiid Huxley 1979) o In arid/scnii-arid concliLioiio Lr~os 
c o n t r i b u t e  t o  the welfare of a p o p l a t i o n  i n  s e v e r a l  ways : 
-They provide shade and fodder  f o r  c a t t l e  (dur ing  t h e  J u l y  1 9 8 0  d ry  
spel l  i n  n o r t h e r n  Senegal p a r t  of the c a t t l e  w a s  saved by g raz ing  
t w o  legume trees : Acacia afbidg aiid Tamarindus i n d i c a ) .  
-They  p r o t e c t  t h e  s o i l  a g a i n s t  wind, w a t e r  e r o s i o n  and l each ing ,  
produce o rgan ic  m a t t e r  t h a t  improve the  s o i l  s t r u c t u r e  and 
chemical status, b r i n g  up n u t r i e n t s  from deeper  hor izons  t o  t h c  
s u r f a c e  where t h e y  can be absorbed by a n m a l  crops. 
are s p e c i a l l y  meager. 
-They  provide f u e l  and t imber  i n  l o c a t i o n s  were t h e s e  commodities 
b 
‘ I  o 
- ,  h 
. - t  I, 
2 .  Harnessinq mic rob ia l  p rocesses  f o r  t h e  b e n e f i t  o f  a q r i c u l t u r e  
and a 4 r o f o r e s t r y  i s  mostly a t a s k  that should he ta.cklm3 by microbio- 
l o g i s t s .  But t h e  he lp  of o t h e r  oxne r t s  (agronomists ,  ncmato loqis t s ,  
plant p a t h o l o q i s t s ,  p l a n t  b reede r s  ctc...) i s  nccesanry. I n  o t h e r  
words, a m u l t i d i s c i p l i n a r y  c E f o r t  i s  d e s i r a b l e  i n .  order t o  q a t  
s u c c e s s f u l  r w u l t s  i n  t h e  f u t u r e .  
The a u t h o r s  of t h i s  d i s c u s s i o n  ,paper axe  g r a t n f u l  t o  D r .  V. 
Gianinaszi-Pearson fo r  comments on t h e  d r a f t  and f o r  r e v i s i n g  t.hc 
Engl i sh .  They s l s o  thank G. Gemani ,  R. Dreyfus, B. O l l i v i e r  and 
?l. Kabr6 for al lowinq t h e  q u o t a t i o n  of some unpubl ished 5-tta. 
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Table 1. E f f e c t  of i n o c u l a t i o n  of t h r e e  West African Acacia species 
by fast- and slow-growing s t r a i n s  of Rhizqbium in a non 
s ter i le  nursery  soil ( B e l  A i r ) a .  
(Dreyfus and Cusye, 1980,  unpdbl ished data) 
! 
0.2 
0.2 * 
0.05 
0.03 
0.1 
1 b 
Rhizob iuh Height Shoot 3Jodule s r m u  i e 4 
s t r a i n s  (cm) total 113 (no per p l a n t )  f resh  weight 1 
(g per 3lant) t l  
senega1 901 (F)b  2 2  
903 (F) 20 
o01 ( S ) "  6 
756 (S)  7 
uninoculated 7 
901 (F) 20 
903 (P) 24 
801 ( S )  27 
756 (S)  30 
uninocula ted  24 
seyal 901 (F) 31 
903 (F) 20 
801 (S )  28 
756 (S) 19 
uninocula ted  1 9  
2,2 14 
2.1 16 
0.4 4 
0.4 3 
0.4 2 
1 . 4  
1.3 
2.2 
2.3 
1.6 
2.0 
1.6 
2.0 
1.5 
1.5 
d 4 
3d 
10 
1 2 
5 
15 
10 
13 
10 
12 
0.1 
o. 1 
o. 2 
0.3 
0.1 
9.6 
0.3 
O. 5 
0.4 
o. 3 
a plants were harves ted  when 2 months old 
b (F) fast-growing s t r a i n s  of Rhizobium 
c ( S I  slow-growing s t r a i n s  of Rhizobium , 
d nodules formed by n a t i v e  slow-growing "cowpea" s t r a i n s  of Rhizobium 
I 
I 
I h 
. 1 
Table 2 .  Effect of ec tomycorrb iza l  i n f e c t i o n  ( P i s o l i t h u s  t i n c t o r i u s )  
on growth of __3 P i n u s caribaea'') grown on t w o  different s te r i le  
soils. 
(Kabre and Diem, 1988; unpublished da ta ) .  
Co 12 tr  o 1 
Pisolithus 
t i n c t c r i u s  
. "Dior" s o i l  (2 ) 
Height ( c m )  
Shoot weight (3) 
(g/plant)  
17.2 
3.45 
"Deck" S q i l  (2 ) 
Height (cm) 9.4 
(3 1 Shoot w~ ígli t 
0.83 
22.9 
6.59 
23.0 
7.85 
1,s D 
(P = 0.01) 
5.9 
2.3 
5.9 
2.3 
(1) 7 month-old p l a n t s  
i !  .. . 
(2) c h a r a c t e r i s t i c s  of the s o i l s  ( u l t i s o l s )  used i n  t he  experiment : 
Total P (ppm) 
" D ec k 'I so i 1 I'D i~or I' so i 1 
268 190 
40 
40 
Available P, Olson (ppm) 
Available P, Truog ( p p ~ )  
PH (KC1) 7 .O 
(3) weight expressed on a d r y  ma t t e r  basis  - .  
20 
2 
6.2 
h 
Table 3. E f f e c t  of endomycorrhizal infection (Glomus mosseas) ori growth 
and nddulation of Yigna hnq,uicplata(') cv. N-58-185 grown ir, 
a non s ter i le  soil. 
( O l l i v i e r  and D i e m ,  1980; unpublished data) 
+ *. 
G. mosseae Phosphorus (3' -Contro l  
3 . 4  4.5 5.5 Shoots (g/plant)  (1) 
l ioots (g/glant) 1 .c! 2.4 I. I 3 
Modules (g/plant) 0.099 0.241 O. 168 
VAM infection frequency ( % )  94 99 92 
VA85 in fec t ion  intensity (%)  84 
7 7 Total M (Ing/plant) (2) 
Total Ig ( % )  (2) 2.24 
Total P ( % )  (2) 0.10 
Total P (mg/plant) (2 1 3.40 
92 
103 
2.37 
6.21 
o. 14 
a 4  
118 
2.16 
8.74 
O. 16 
(1) All weights expressed on a dry  matter b a s i s  
( 2 )  Shoots only 
(3) Phosphorus added as K2HPOqr 0.5 g/kg s o i l  (Dior). Characteristics of 
(4) 60 day old plants. 
"Dior" s o i l  given in Table 2. 
T n b l 2  4. Effect cf VAY i n f e c t i o n  (rjlcnlus ~-sse; ls )  rn ncl2ul;ition 2nd PJJ2 r ' i x z t i m  
of 5 l y c i n e  mra (cv. 4 4 . A 7 3 )  non i n F e s t e d  or i n z e s t e d  w i t h  nematodes 
(Scutellonnema cavenessi) (1 1 
(Germani, Ollivier and D i e m ,  unnublished data). 
( 3 )  
P l a n t  dry weirjht h1 t o t a l  P tot-al N f i x a t i o n  V-XM Vematodes 
Shoots  Roots (mg/ (mq/ ?lodules AWP ('1 f requency 
-?-~ 
o l a n t )  p l a n t )  9, 
1 2 3 4 5 6 7 s 
?Jon i n f e s t e d  w i t h  
nena tode s 
Contro l  
V-XI i n o c u l a t i o n  
I n f e s t e d  w i t h  
nena t o  d. e s 
Cont ro l  
2 .7  a 
4 . 2  c 
1.2 a 
1.5 a 
45 a 2 . 2  a 9.109 a 
1 1 6  b 5 .9  b 9 . 3 2 0  c 
3 . 9  a 
6.Q a 
o 
69 a 
1.3 b 0.7 s 21 a 0.3 c 0,329 b 0.6 b o 5500 a 
12840 b VAI-:-I i n o c u l a t i o n  3..6 ac 1 .7  a 106 b 4 . 9  h 9.313 c . 7.4 a 4 s  b 
(1) 46-day o ld  F f a n t s .  A l l  wciqhts expressed as g (d .w. )  ?er p l a n t  . S o i l  ("3~31 A i r "  30 - 5 0  cm 
(2) AR4P : a c e t y l e n e  r e d u c t i o n  a c t i v i t y  expressed as n i c r o q o l e s  C z ~ d  par Flan+, per h. 
(3) Nuinber of nernatod2s pc r  not. 
horizon) w a s  au toc laved  before i n o c u l a t i o n  w i t h  Thizobiun (USDA 1 l?)  or TL?-?. 
Numbers i n  a colurtn n o t  having t h e  sane l e t te r  d i f f e r  pP = .31 (columns I, 3 ,  4 ,  5 ,  6, 7, 9 )  
or .O5 (columns 2) '"lann-yhitney tests). 
1 r 
-? 
f' f ' 
- i  
b %  n 
Table 5.  Water consumption (expressed in m l / g  2ry weight) bY 
Eupatorium odoratum and Taqetes erecta at two levels 
af soil water c o n t m t  (!30 and 20% avai lable  water) 
and with two forms of P (Illoawad, 1978) ., 
Ca (€$PO4 ) 2. ~ $ 9  Ca5 (POtl 1 p i  
P l a n t  Mycorrhizal 
species treatment 50% 20% 80% 20% 
I 
odos_?.tum k7M 1208 1.207 2060 4112 
.M 1237 1177 1574 1436 
1073 1 O05 2563 3 3 9 7 
923 1060 1130 1424 
: Mot inoculated wi th  VN4 
x Inoculated w i t h  VN4 
Table 6 .  Comparaison OF lesume and rhizosphere W,-fixing systems. 
s. 
Anount of e n e r q  
Ni t rogen- f ix ing  B a c t e r  ia1 Sacterial (excressed i n  P r o t e c t i o n  'Pate of 
system strains S p e c i f i c i t y  i n f e c t i o n  moles of 3 lucose)  a g a i n s t  f ixed IT2 
oxygen reuuired to fix 
1 m o l e  of n i t r o q z n  
Legume-Rhizobiu- ?hi zobium C e r t a i n  
symbiosis 
1 I n t r a c e l l u l a r  By p l a n t  c e l l  D i r e c t l y  
and p i g m n t s  used by 
such .xi lehae- t h s  lequme 
moslobin as ?JH+-v 3 
Rhi zo snhere 
N2 - f i x  ing 
system 
S I 3  n y Probably 
belonging no s?ecifi- 
t o  various c i t y  
gcnera;  o f t e n  
a s s x i ? t c d  
wi th  c t h e r  
micrqorgmisms 
Ap3arently 
l i n i t sd  t o  
r h i  zoplzn?, 
aor ihund  o r  
daad r o n t  
c o r t i c a l  
CC?!11S, 2nd 
t o  r n q t  
res i du? s 
3-4 (.2erobic f i x e r s  Yo y o t 2 c t i o n  Probably 
8-10 ( m a x o b i c  
f i x e r s ) .  Some 
environment :Y. 1 t e c t i o n  often the p l a n t  
f s c t x s  could i m d e q u z t e .  
Fr csum;..bly P x t i a l  txr?tec- 
incrcas  8 ef f i s i e n c y  
tw.+or t h r e e f o l d  wa t n r loqg ing  
by hos t -p lzn t .  n o t  d i r e c t -  
Sacterin1 pro- ly used by 
tion by 
. 5. 
. . -. 
Table 7'. Influence of s d i l  i n o c u l a t i o n  on rice y i e l d s .  Vesults 
expmssedl. as g (dw) per p l a n t  (??inaudo, unpublishcd) . 
Treatment Grain y i e l d  Shoots Roots To ta l  
Uninoculated 5.6 f 0.9 14.3 f 2.4 5.2 a 1.1 ' 25.1 5 2.R 
7.9 k 0.1 18.8 f 1.3 7.3 _+ 9.7 33.5 f 1.n 7301 
R07 (2 )  6.7 5 0.5 13.1 f 1.6 13.3 f 1.3 35.1 f 3 , n  
7029R2 (2) 7.3 * 9.2 21.0 k 0.5 ,13.9 f Q.4 42.2 -+ 0.,5 
DK93 (') 6 . 6  f 0.6 16.9 a 1.9 8.0 f 0.5 30.6 -1- 3 , ?  
5.2 +_ Q.4 12.9 5 1.6 6.7 f 1.2 3.5q.2 f ?.; (2  ßKR 5 
(2 1 
_ &  
(1) Mean of five replicates f 3 . E  of this mean 
(2 )  Reference of the strain of . \ zosp i r i l lum used for i n o c u l a t i n ?  
the soil 
I 
i 
